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(54) Apparatus for cUsiodglng or loasming mucus In a person's lungs 

(57) An apparatus tor dislodging or looeeninB 
mucus in a person's lungs, for exanple of a sufferer of 
cystic fibrosis, conprlses a bath (24) ajnmsed to 
receive the person (2B) and filled with water (30) such 
that the person's chest Is immersed in the water. A 
vbrator (34) vibrates the liquid bo that the vibrations are 
transmitted to the person's lungs. In use the vibrations 
are preferably at the pulmnnary resonant frequency or 
Helmholts resonant frequency of the person's lunga 
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Description 

This invention relates to the dislodging or loosening 
of mucus in a person's lungs. 

Cystic fibrosis is an inherited diseaBs which dam- s 
ages vital organs, espedally the lungs and pancreas, by 
clogging them with mucus. Drugs exist which can amel- 
iorate its effects, but physical managsmenf of the dis- 
ease is neverthelesB very important. 

Mucus is continually produced in the lungs and /o 
teeps the airways moist Particles of dust, dirt or bacte- 
ria lodge in the mucus, which is cleared in the healthy 
lung and swallowed. This process happens all the time 
and is the way that the lungs Keep themeelvQS dear and 
free of infection. 1S 

The mucus produced by cystic fibrosis sufferars 
contains less water than It should and hence ia sticky- 
As a result, the process of cleaning of the lungs is Inaf- 
ficieni or absent leading to build-up of bacteria, dirt and 
mucus in the lungs. Infection as a result is more likely, ss) 

Current physical management reliBB on using 
motion of the lungs to dislodge mucus. Ttis can tie 
induced by controlled breathing, and by shaWng or clap- 
ping of the front, back and/or sides of ttie cfnst unih the 
hands. The mechanism by which motion causes dear- 2$ 
Ing of the lungs is not completely understood, but It is 
probable that it is at least partly becaiee mucus is a 
thixotropic fluid, that Is, one which becomes more fluid 
when vibrated. 

Physical mok^ment of the cheet by means of dap- ao 
ping or shaldng is likely to be a very inefficient way of 
causing vibration of the lunge, since the chest wall will 
resist movement, It is latxiur intensive and usually 
requires a partner to administer. In addition, it has to be 
carefully taught and practised, since the poeslblllty 
exists of injury if administered too forcefully. This is par- 
ticularly important in young children and babies who 
may be unable to give any indication as to its accepta- 
bility. 

The present inventeon has evolved from a realise- to 
tion that a property of sound in water may be used to 
stimulate the lungs in a much mora effiderrt and control- 
lable manner. Sound in water interacts with the body 
much more strongly than sound in air due to the similar 
physical properties of water and ixxty tissue. Sound in 45 
water may easily pass into and out of frie tndy. How- 
ever, when a body immersed in water is subjected to 
sound, the lungs become resonant and vibrate strongly 
This is because the lungs con^in air and can store 
potential energy when the air is compressed. Also, the so 
water next to the diest acts as a mass, which can score 
kinetic energy As a result, a fundamental pulmonary 
resonance exists, typically at a frequency of about BO 
Hz, for the submerged body exposed to sound. At 
higher frequencies, higher order resonances of the ss 
lungs may occur, for instance where one lung is com- 
pressing as the other lung is contracting. At high 
enough frequencies, resonances of other air containing 
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structures of the body may occur. Howei^er, no equiva- 
lent vibratory resonance occurs ■ in theVnon-air contain- 
ing structures of the body, and hence thoipossitMlity 
easts of using this property of sound to vBirHte the lung 
selectively through selection of the correct- frequency of 
the sound, thus ending relief for sufterere of C)«tlc 
fibrosis. 

Furthtfrnore, it has been found that there addition^ 
ally exists a Helmholtz resonance of the lungs at a fre- 
quency of aliout 16 Hz In a submergeid adult, and 
correspondingly higher ibr a child , involving the com- 
pressibility of tfie air in the lungs and the mass of air In 
the ainways and the mass of the water around the cheet. 
At this frequency, a strong resonance of the lungs may 
be excited, with oecillatory flow of air In the airways. Into 
and out of the lungs occurring along with a large dis- 
piacement of the lungs and chest wall. This resonance 
consequently may also may be very beneflclaJ In dis- 
lodging mucus. 

In accordance with a first aspect of ^e present 
invention, there Is provkied ah appaiatusi for dislodging 
or kxisenlng mucus In a peiBon's lungs, comprisina a 
bath arranged fo receive the person and a liquid such 
that the person's chest is imntersed in ihe liquid, and 
means for vibrating the liquid so Itiat the >A)ralione, 
which are preferably substantiaHy ainusokial, are trans- 
mitted to the person's lungs. 

The vbrating means may preferably be ananged so 
that it can produce vribratfons at the^pMlmonaiy rasonant 
frequency of the peison^ tunge, wWteh may be in the 
rangaof 4QtQ 160Ht. AlternaiNaiy.thevl)iirtlnemeane 
may preferably be ananged so that it can produce vibra- 
tionc at the Helmhoftz resonant frequency of the per- 
son's \\jn^. whfoh may be about 16 tHz tor an adult and 
correspondingly htgher for a child. 

In one embodimefrt, the vbrationa have a staflc fre- 
quency In ttw case, the apparatus may turiher include 
means to adjust the static frequency, for eocgmple man- 
ually. 

In another embodiment, the apparatus firther 
includes means to cause the froquency of the vibrations 
to be swept over a particular range. 

In a further embodiment, the apparatus further 
includes m eans to cause the frequency of the vtrations 
to be random or pseudo-iandom wHhIn a particular fre- 
quency range. 

In yet another embodiment, the apparatus further 
indudee means iw detecfing a level of the lAirHtions 
transmuted to the pcreon's body, and means for tuning 
the vibrating means eo that the frequency of the vibra- 
tions appfoximates a resonant frequency of the per- 
son's body In this case, the detecting meansjirefarabfy 
comprises a liquUproof accelerometer aixi means for 
attachirig the acceieromefBr to thepeiBon's chest. 

The wbrating meane is preferably dispoeed. In use, 
IT, front of or behind the person's chesL 

The vibrating means may be disposed inside the 
bath. Attematrveiy. H may be disposed outside ihe bath 
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and be arranged to transmit the vibrations to the liquid 
through a wall of the bath. 

The bath may be arranged go that the per$on can 
sit up in the bath, with the vibrating means being dis- 
posed to one side of the bath. Alternatively, the bath s 
may be arranged so that the person can lie in the bath, 
with the vibrating means being disposed at the bottom 
of the bath. 

In accordance with a second aspect of the present 
invention, there is provided a method of dislodging or 10 
looBsning mucus in a person's lungs, coniprising the 
at^ of immersing the person's chest in a liquid, such 
as water; and vibrating the liquid so that the vibrations 
are transmitted to the parson's lungs. 

Preferat)ly, at least some of the vibrations have at is 
least one frequency which is generally equal to a roGO- 
nant frequency of the parson's lungs. 

In accordance with a third aspect of the present 
iiwentten, the apparatus of the first aspect of the invan- 
tion is used in the method of the aecond Bisect of the so 
invention, 

Specific embodiments of the present invention will 
now be described, purely by way of example, with refer- 
enoe to the accompanying drawings, in which: 

25 

Figures 1 to 4 are block diagrams of different 
arrangements of vibration generating system; and 



Figures 5 to 8 are schematic diagrams of various 
embodimenis at the apparatus. w 

Referring to figure 1, a first arrangement of the 
vibration generating system comprises an eJedro- 
mechanical transducer or vtorafor 10, a driver circuit 12 
for supplying an excitation signal to the vbrator 10 and as 
a manual selector 14 for aetting the frequency of the 
exdtatlon signal in the range of, for example, 40 to 160 
Hz. 

Figure 2 ehouvs a second arrangement in which the 
manual selector 14 is replaced with a ramp generator 40 
circuit 1 B which sweeps the frequency of the excilation 
signal between a lower limit of. tor example, 40 Hz and 
an upper limit of, for example. 160 Hz. The lower and 
upper lim'fs may be manually aduslaWa. 

Figure 3 shows a third an-angement in which the « 
frequency of the exdtation signal Is determined by a 
random generator 18 which produces a series of fre- 
quencies of random values between a lower limit of, for 
example, 40 Hz and an upper limit of, ibr exanple, 160 
Hz, Again, the lower and upper limits may be manually so 
adjustable. 

Figure 4 shows a fourth arrangement in which an 
automatic frequency control ("AFC") circuit is placed 
between the manual selector 14 and the driver circuit 12 
Of figure 1. Also, a waterproof aocelerometer 22 is ss 
attached, for example by straps, to the chest of the per- 
son and supplies a signal to the AFC circuit 20. The 
excitation signal initially has a frequency set by the 



selector 14, but the AFC circuit 20 adjusts the frequency 
of the excitation signal so as to maximise ihe level of the 
signal recarved from the accelecomeler 22. 

Figure S shows an embodiment; of the apparatus 
comprising a bath 24 having a Baat,26 on which a per- 
son 28 sits. The bath 24 contains vi«ater 30 up to the 
neck level of the person 28. "me tide of the bath in front 
of the person 28 has a rece&s 32 containing a water- 
proof moving^coii ioudspeakar 34. which provides the 
vibrator 10 of any of figures 1 to 4, The axis of Ihe loud- 
speaker 34 is directed geneiaily towards the chest of 
fha person 28. 

Figure 6 shows a mod if icatipn to (he ambodiment of 
figure 5, in which the loudspeaker 34. is seJf^ntained 
and is mounted on a shelf 36 in tha bath 24. 

Figure 7showB afurther modifidstion of the embod. 
iment of figure 5 in which a porlioh 38 of the wall of the 
bath 24 facing the chect of the piwBon,28 Is movable 
and can be vibrated a moving-coil afrangement 40 so 
as 10 provide the vibiator 10 ofany offlguras 1 to 4. 

Figure 8 shows a further modHlcatidn of the embod- 
iment of figure 5. In which 0 meffibrarte 42. fbr exanple 
of rubber, is disposed in front of the kudspaaker 34 so 
that the loudspeaker need not be watafproof. 

It will be appreciated that rnany modtficattons and 
development mgy be made to the . embodimertls 
described above. For exampis, the vibrator 10 mv be 
disposed behind, rather than in fronf-of/tfie penon iB. 
Furthermore, a pair of vibrators 10 rrtay be wnplpyed in 
front of and behind, respectively, the p^nson 28 arvl may 
be driven in parallel. Ateo; tfie.baihS4 rhaybe arranged 
BO that the person lies in^ the baiih, supine or prone, 
rather than ats in it and the vlbrntor 10 . may be dia- 
posBd at the botttMTi of the bath so as to direct vibratfons 
upwardly to the chest of the person 28. Accordingly, a 
vibrator 10 may be placed on the bottom Of a conven- 
tional domestie bath in order to provide the benefits of 
the invention. 

In the embodiments descrbad qlMye. a frsquency 
range of 40 to 160 Hz has been nMr^lonad in vdar to 
BKCitB a pulmonary resonance. AfternaiJyoly or additfon- 
ally a fret^iency of about 16 Hz. or a range from afciout 
16Hz upwards may be enpiqyed in order to excite a 
Helmholtz lesonance of the peraonls lungs, 

in the embodlmeniB descrbad above., the vibrator 
10 is provided l>y a moving-coil device. Other trarsdue- 
ers may be used, such as piezoelectric devices, pneu- 
matic devices or rotary motor-driven devices, 

It should be noted tliat the embodiments of the 
invention have been described purely by way of exam- 
ple, and that many other modifitetions and develop- 
ments may be macfe theretai. 

Claims 

1 . An apparatus for distodging or loosening mucus in a 
person's lungs, comprising a bath (24) arranged to 
receive the person (28) and a liquid (30) such that 
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the person's chest is immersed in the liquid, and 
means (10, 12;34) tor vibrating the liquid so that the 
vibrations are transmitted to the person's lunge. 



wherein the bath ie arranged so that the person can 
sit up in the bath, and the vibrating Rieans is dis- 
posed to one side of the bath. 



2. An apparatus as ciaimed in claim 1, wherein the s 
vibrating means is arranged so that it can produce 
vibrations at at least one frequency in the range of 
40 to 160 Hz. 

3. An apparatus as claimed in claim 1, wherein the io 
vibrating means is arranged so that fl: can produce 
vibraVons at the Helmholtz resonant frequency of 

the person's lungs. 

4. An apparatus as claimed In any preceding claim. ie 
wtierein the vibrations are aubstantially sinueoldBl. 

5. An apparatus as dalmed in any preceding dalm. 
wherein the vibrations have a atatic frequency. 

6. An apparatus as ciaimed in daim 5, furtfier includ- 
ing means (14) to a<(justthe static frequen^. 

7. An apparatus as claimed in any of daims 1 to 4, fur- 
ther incliiding means (1 6) io cause the frequency of ss 
the vibrations to be swept over a particular range. 

e. An apparatus as ciaimed in any of claims 1 to 4. fur- 
ther including means (1 6) to cause the frequency of 
the vibrations to be random or peeudo-random ao 
withln.a particular range. 

9. An apparatus as claimed in any of claims 1 to 4, fur- 
ther iriduding means (22) for datecting a Imel of the 
vibrations transmitted to the person's body, and as 
means (20) for tuning the vitrating means so that 
the frequency of the vbrations approximates a res- 
onant frequency of the person's lungs. 

10. An apparatus as claimed in claim 6, wherein the 4o 
detecting means comprises a liquidproof accoler- 
omster (22) and means for attaching the acceler- 
ometer to the person's chest 

11. An apparatus as claimed in any preceding daim, 4S 
wherein the vibrating means is disposed, in use, in 
front 0^ or behind the person's chest. 

12. An apparatus as claimed in any preceding daim. 
wherein the vibrating means is dispoeed inside the eo 
bath. 

13. An apparatus as daimed in any of daine 1 to 11, 
wherein ihe vibrating means is disposed outside 
the bath and is arranged to transmit the vibrations es 
to tie liquid through a wail of the bath. 



15. An apparatus as ciaimed In any of daims 1 to 13. 
wherein the bath is arranged so that the person can 
lie in the bath, and the vibrating meeris is disposed 
at the tMJttom of the balh. 

16. The use of an apparatus as dalmed in any preced- 
ing claim to vibrate a person's lungs. 



14. An apparatus as claimed in any preceding daim, 
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